Synthesis of a-MEGO and a-TEGO from MEGO and TEGO
The synthesis of microwave exfoliated graphite oxide (MEGO) followed the method described in Ref (1) . Briefly, graphite oxide (GO) powders made from the modified Hummers' method were irradiated in a domestic microwave oven (GE, JES0736SM1SS) operated at 1100 W for 1 minute. During the irradiation, a large volume expansion of the GO powder occurred and the black, fluffy MEGO powder obtained was collected for activation. Typically, 400 mg MEGO powder was dispersed in 20 ml 7M aqueous KOH solution and stirred for 4 hours at a speed of 400 rpm, followed by another 20 hours of static soaking in ambient conditions. The extra KOH solution was removed by briefly filtering the mixture through a polycarbonate membrane (Whatman, 0.2 m); then the mixture was dried in the lab environment at 65 o C for 24 hours. A control MEGO sample, made with the same soaking-drying process but with no KOH was also prepared, and 85% of the mass remained after drying. A KOH to MEGO ratio was calculated by assuming the MEGO in the dry MEGO/KOH mixture gave the same mass yield, i.e.,
85%.
It was found that the KOH uptake (KOH/MEGO ratio) was linearly dependent on the molarity of the KOH solution, with other process parameters held constant (such as the amount of MEGO from the same batch of GO and the volume of KOH solution). For the MEGO soaked in 20 ml 7M KOH as described above, the KOH/MEGO ratio was 8.9 0.3. The dry MEGO/KOH mixture was heated at 800 o C for 1 hour in a horizontal tube furnace (50-mm diameter), with an argon flow of 150 sccm and working pressure of ~ 400 Torr. The temperature was ramped from room temperature to 800 o C at 5 o C/min.
After cooling down in vacuum, the sample was repeatedly washed by de-ionized water until a pH value of 7 was reached. Then the sample was dried at 65 o C in ambient for 2 hours, followed by thermal annealing at 800 o C in vacuum (0.1 Torr) for 2 hours, to generate 'activated MEGO' (a-MEGO) powders. Thermally exfoliated graphite oxide ('TEGO'), made by 'thermal shocking' of GO at 250 o C in ambient (2), was activated following the same process. The a-MEGO and a-TEGO so obtained were characterized in a variety of ways, and supercapacitor measurements were made, as described in the main text and below. Samples were sealed into glass Lindemann capillaries and x-ray diffraction patterns collected at the X12A beamline of the National Synchrotron Light Source, using x-rays of 0.699 Angstrom wavelength, in parallel beam geometry. Background from the glass was normalized at high angles, and the data converted to Cu K for the plot shown in Electron energy loss spectroscopy (EELS, Gatan) was carried out in a JEOL 2010 TEM on commercial graphite powder (SP-1 graphite, Bay Carbon, Inc. Michigan, USA; the same graphite used to make the GO that was converted to MEGO), MEGO, and a-MEGO samples, respectively. High resolution SEM, STEM and EELS were performed using a dedicated STEM Hitachi HD2700C, equipped with a cold-field emission gun, a CEOS aberration corrector and a high-resolution (0.35eV) EELS Spectrometer (Gatan, Enfina).
As noted in the main text, it was necessary to ignore the large percentage of the a-MEGO on the TEM grid, as it was too thick to perform EELS measurements on. We were successful in finding some thin, plate-shaped a-MEGO with a porous structure that was identical to that observed in the more three-dimensional chunks, shown in Figure 1C of the main text. It is possible to quantify the amount of sp 2 -bonding by measuring the ratio between * bonding and *+ * bonding using EELS (3, 4) . The relative amount of sp 2 carbon atoms was calculated by using the formula:
, where the I u and I g represent the integrated intensity for specific energy ranges of the spectra for the a-MEGO and graphite (assumed to be 100% sp 2 carbon), respectively (3, 4) . Comparisons were made between a-MEGO and graphite films of approximately the same thickness (as measured by comparing the intensity in the zero loss peak with the The powder conductivity of a-MEGO samples was obtained by the method described in Ref (1).
Supercapacitor measurements
A two-electrode cell configuration was used to measure the performance of supercapacitors with the a-MEGO and a-TEGO materials. 5 wt% Polytetrafluoroethylene (PTFE; 60 wt% dispersion in water) was added to the a-MEGO and a-TEGO as a binder.
Typically, the a-MEGO (or a-TEGO) and PTFE was mixed into a paste using a mortar and pestle, rolled into uniform thickness sheets whose thickness ranged 40 to 50 m thick The assembly of the test cell was done in a glove box filled with Ar.
Gravimetric capacitance from galvanostatic charge/discharge was calculated by using the formula , where I is the constant current and m the total mass for both carbon electrodes, and dV/dt was calculated from the slope obtained by fitting a straight line to the discharge curve over the range of V max (the voltage at the beginning of discharge) to ½ V max . Based on a RC model, the capacitance was also calculated from the frequency response analysis, by being from the region outlined as a box in (E). These images indicate that the entire microstructure is composed of very small pores, of order of ~1 nm in size, as is evident in the magnified portion shown as (F). (KOH) (10) (11) (12) . It is noted that the C 1s shake up features described above make the unequivocal deconvolution of a carbonate bond problematic. Residual peak fitting error is shown beneath all spectra. (Fig. 3 B) ; however, the mesopore size is slightly smaller in the slit pore QSDFT model. 
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